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METER, SYSTEM FOR, X-RAY TUBES 

Edward B. Graves, South Euclid, Ohio, assignor 
to Picker X-Ray Corporation Waite Manufac 
turing Division, Inc., Cleveland, Ohio, a corpo 
ration of Ohio 

Application May 8, 1939, Serial No. 272,358 
4. Claims. 

This invention relates to improvements in 
means for metering the current Supplied to the 
filament of an X-ray tube and to means for 
quickly adjusting tube Supply circuits for a pre 
determined tube output. 
One of the objects of the present invention is 

to provide means for changing the indication of 
current suppled to the tube filament to Com 
pensate for changes in the Saturation of the 
X-ray tube at various kilovoltages So that more 
or less filament current will be Supplied to give a 
predetermined tube output, taking into account 
the change in tube output upon a change in the 
impressed kilovoltage. 
Another object of the present invention is to 

provide a plurality of selective resistances in the 
filament transformer primary with a correspond 
ing set of respectively proportionate resistances 
in the meter circuit, together with means for co 
incidentally Selecting two proportionate resist 
ances whereby the meter circuit will accurately 
read the current supplied to the filament trans 
former primary no matter which resistance is 
Selected. 
Another object of the present invention is to 

combine in a single tube control System the two 
above mentioned features, namely, the automatic 
compensation for changes in high tension voltage 
and the compensation for changes in resistance 
in the filament transformer primary circuit, to 
gether with adjustable means for varying the 
current in the filament transformer primary 
whereby the system may be set for a desired tube 
output, after which a quick adjustment of Said 
adjustable means will bring a voltmeter indicator 
to a predetermined point, thus automatically set 
ting the tube for the desired output. 
Other novel features and advantages of my 

in proved tube control apparatus will be apparent 
from the Specification and the accompanying 
drawing and the essential features thereof Will be 
set forth in the claims. 
The drawing shows a diagram illustrating one 

embodiment of my invention. A standard X-ray 
tube f has a filament fa. Power is supplied to 
the tube from the source L1, L12 through switch 2 
and autotransformer 3 having leads 4 and 5 con 
necting it with the primary 6a of the transformer 
6 whose Secondary 6b is connected by leads 7 and 
8. With the anode and cathode of the tube . This 
is a simple circuit using only half Wave rectifica 
tion but it will be understood by those skilled in 
the art that this is for illustrative purposes only 
and that my device is applicable to any type of 
circuit. 

(C. 250-93) 
Current may be supplied to the tube filament fa 

in any suitable manner, that shown herein com 
prising leads 9 and e tapped into the autotrans 
former and supplying the primary fa of the fila 
ment transformer whose secondary b is con 
nected to the filament a by the leads 2 and 3. 
Means is provided for controlling the current Sup 
plied to the filament transformer primary if a. as 
indicated at A. The means here shown is an ad 
justable resistance but it will be understood that lo 
an adjustable inductance or other control meanS 
is within the Scope of my invention. 
Connected in Series in the lead of the fila 

ment transformer primary circuit is a selector 
switch. A having a plurality of taps 5a, 15b, 5c lis 
of Which there may be any number desired but 
for convenience three only are shown. Each tap 
is connected at a different point along the resistor 
6 So as to provide progressively increasing re 

sistance in the filament transformer primary cir- 20 
cuit as the SWitch A is moved from tap 5a to 5b 
or to 5c. 
A metering circuit is connected between the 

points and 8 in a shunt connection around 
the selective resistances 6. A voltmeter 9 has 25 
One of its binding posts connected by lead 20 to 
the point f8 and has its other binding post con 
nected through various devices to the point 7. 
Thus the meter 9 will indicate the current flow 
ing in the filament transformer primary circuit. 80 
Preferably but not necessarily this voltmeter will 
be of the type having a Single indication as at 9a 
so that it is a very simple matter in adjusting the 
apparatus to bring the needle of the Woltmeter to 
the single point to indicate a proper setting of the 85 
apparatus. 

Provided in series with the meter 9 is an in 
ductor 2 which may or may not be provided with 
a core and the purpose of which is to render the 
meter 9 more sensitive, that is to say, to cause 40 
a slight change in voltage passing through the 
inductor to produce a Wide variation in the cur 
rent passing through it. The capacitor 22 is con 
nected in parallel with the inductor to make pos 
sible a more uniform and accurate series of read 
ings over the range of the device. The adjustable 
resistance 23 is supplied in parallel with the in 
ductor and the capacitor and the meter 9 to Se 
lect the proper operating conditions, and to com- 50 
pensate for slight variations occurring in manu 
facture. This portion of the meter circuit involv 
ing the members 2, 22 and 23 is more fully dis 
closed, described and claimed in the Patent to 
Caperton B. Horsley, granted September 12, 1939, 55 
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2 
No. 2,172,581, to which reference may be had for 
a more complete explanation thereof. 

It is well understood that tube output is most 
readily controlled by varying the filament cur 
rent. It is also well understood, however, that 
tube output varies with the changes in Satura 
tion of the X-ray tube, that is to say, if the kilo 
voltage across the tube is raised, other factors 
remaining the same, the milliamperage of the 
tube output will increase. This represents an 
increase of between fifteen and twenty per cent 
Within the limits of operation of the tube. The 
present invention provides means for indicating 
in the metering circuit just described this change 
in tube output due to change in the high tension 
current supplied to the tube. For this purpose 
I provide a compensating transformer 24 whose 
primary 24a, is connected between leads 4 and 5 
so that it receives the same voltage as that Sup 
plied to the primary 6a of the high tension trans 
former The secondary 24b is connected to the 
resistor 25 which is a part of the metering cir 
cuit connected with voltmeter 9 by lines 26 and 
27 through the inductor 2. Between point 7 
and the resistor 25 I provide a selector Switch B 
having a plurality of taps 28a, 23b and 28c, each 
tap being connected through an adjustable re 
sistance 29 to an appropriate point on resistor 25. 
Means is provided for coincidentally Operating 
switches A and B so as to simultaneously select 
taps. 5a and 28a or 5b and 28b, etc., so that 
when one of the resistances 6 is selected an ap 
propriate resistance 25 is at the same time con 
nected in the metering circuit. The means here 
shown comprises a common shaft 30 for Operat 
ing switches A and B, there being an Operating 
knob 3 suitably located on the instrument panel. 
By properly selecting the taps on resistor 25 and 
adjusting the adjustable resistances 29, the re 
sistance connected in the meter circuit upon Se 
lection of any tap by switch B is proportionate to 
the corresponding resistance Selected by the 
switch. A so that the metering circuit is compen 
sated for changes in the selected resistances f6. 

If desired the switch A and its taps may be 
calibrated in terms of tube output. Then in Op 
-erating the device the operator first selects at the 
autotransformer the desired kilovoltage and ad 
justs switch. A to the desired tube output. The 
same adjustment moves switch B to provide the 
suitable compensating resistance in the metering 
circuit and transformer 24 applies a correcting 
voltage to resistor 25 to change the indication on 
voltmeter 9 to compensate for changes in tube 
output due to changes in the high tension voltage 
supplied to transformer 6. The needle of volt 
meter 9 should then be very close to the indica 
tion 9a, and may be quickly brought to that point 
by adjusting the variable resistance 4. This will 
compensate for any variations in the Supply to 
autotransformer 3 or for changes in resistance 
anywhere in the filament circuit. 
The association of transformer 24 with resistor 

25 is such as to impress a voltage on meter 9 
which increases and decreases as the kilovoltage 
in primary 6d, increases and decreases respec 
tively. The value of this compensating voltage 
in the metering circuit is so selected as to pro 
duce a constant voltage at meter 9, for a given 
tube output, and which is the total result of the 
change in tube output as the result of changes 
in tubeSaturation plus the current supplied in the 
filament transformer primary. For instance, for 
a. Variation in total kilovolts across the leads 7, 8 
from 40 to 80, there Would normally be a change 

2,231,622 
in tube milliamperage of 200 to 230 with the 
same filament voltage and current. 
What I claim is: 
1. X-ray apparatus, comprising a tube, a Sup 

ply of high tension current therefor, said tube 
having a filament and a current Supply for Said 
filament, means for varying said filament cur 
rent, meter means for measuring a characteris 
tic of the current supplied to said filament in 
cluding a metering circuit, and variable means 
in said metering circuit responsive to said tube 

O 

supply current and operable by said filament 
current-varying-means to produce variable ef 
fects in the meter circuit and thereby produce 
compensation in said meter means to correspond 
With the changes in tube output. 

2. X-ray apparatus, comprising a tube, having 
a Supply of high tension current therefor, Said 
tube having a filament and a current Supply for 
said filament, means for varying said filament 
current including a variable resistance in Said 
filament supply circuit, a metering circuit having 
a shunt connection around Said resistance, a 
meter in said circuit for measuring electrical flow 
therein, variable resistance in Said metering cir 
cuit, and operating means coupling Said two re 
sistances for varying said last named resistance 
by variation of said first named resistance in 
amounts to compensate in said metering circuit 
for the changes in said filament circuit. 

3. X-ray apparatus, Comprising a tube, a Sup 
ply of high tension current therefor, said tube 
having a filament and a current supply for said 
filament, means for varying said filament cur 
rent including Selective resistances of progres 
sively increasing amounts in said filament Sup 
ply circuit, a metering circuit having a shunt 
connection around said resistances, a meter in 
said circuit for measuring electrical flow therein, 
resistances in Said metering circuit of progres 
sively increasing amounts, said last named resist 
ances having proportionate Values respectively to 
said first named resistances, and means for si 
multaneously selecting corresponding propor 
tionate resistances in the two circuits. 

4. X-ray apparatus, comprising a tube, a high 
tension transformer having said tube connected 
in its secondary circuit, means for varying the 
voltage in said secondary circuit, said tube hav 
ing a filament, a filament transformer having 
said filament connected in its Secondary circuit, 
adjustable means for varying the current flow in 
said filament transformer primary, Selective re 
sistances in the primary circuit of said filament 
transformer, a metering circuit having a shunt 
connection around Said resistances, a Woltmeter 
in said circuit having a single indication, means 
for impressing a voltage on a portion of said 
metering circuit, said last named means includ 
ing a compensating transformer whose primary 
is subject to the current of Said high tension 
transformer primary, a plurality of resistances 
adapted to be selectively placed in electrical con 
nection with Said metering circuit, said last 
named resistances having values each respec 
tively proportionate to One of said first named 
resistances, and means for coincidentally select 
ing one of said first named resistances and its 
proportionate second named resistance, whereby 
with any selected high tension Voltage the volt 
meter may be brought quickly to its single indi 
cation by said adjustable means, whereupon the 
tube output Will have predetermined value. 

EDWARD B. GRAVES. 
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